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The following Is a description of the procedure used at the State
University of New York at Buffalo In conjunction with the Calspan
Corporation for the pressurization of the arterial system'In |lateral head
Impact studles.

I. Selection of a Subject

Because of the many problems encountered In pressurlzation of the
arterial system, care should be taken when selecting a subject for the
study. The following Information Is consldered In selecting a subject for
our studles: (1) age, (2) Interval since time of death, (3) cause of death.
(1) The age of a subject Is Important in that the ol der an Indlvidual, the
greater the chance of osteoporosis. Furthermore, females over the age of
50 who have completed menopause |lkewlise develop this disease and thus have
a weakening of bone structure. (2) The Interval slince time of death should
be considered do to the shrinkage of tissue. Upon death, tlssues In the
body begin to shrink; the braln Is no exception. Normally the brain |les
Immedlately adjacent to bones of the skul|l and therefore It Is Imperative
to use a subject as soon as possible fol lowing death In order to keep this
Integrity. Correct findings on how an Impact to the skull affect the braln
rely on the Integrity of this relatlionship. Naturally If the brain Is
separated from the skull by an abnormal distance, the results will not
mimic the occurance seen under real-||fe conditlons. (3) Finally, the
cause of death is very Important. Some diseases affect the bones as seen
above while others may damage the vascular system. Diseases such as
diabetes or atheroscleroslis affect arteries and thus may cause problems In
producing proper pressurization. One other conslderation should also be
mentioned and that Is blood pressure. In a study In which the arterial
blood pressure Is monitored during an Impact It Is Important to mimlc the
subjects normal blood pressure Immediately before and after Impact. We
acquire from the subject's former physiclan the average normal blood
pressure In order to reproduce this pressure durling the experiment. Not
everyone has a pressure of 120/80 or 110/70 and therefore |f we are
Interested In whether or not there Is a rupture of a cerebral vessel
because of the Impact It Is Important that we do not exceed the subject's
normal pressure prlor to the test. Perfusing to a pressure exceedlng the
subject's normal pressure may cause a premature rupture of a blood vessel
thus producing a false result.

1. Isolating the Vessels Supplying the Braln

Proper pressurization of the bralinm requires that the major arterles
supplylng It are Isolated and |igated. The brain Is suppl led by two major
pairs of arteries; the Internal carotids and vertebrals. In order to reduce
the damage to surrounding tissues, the size of the Inclsions are kept to a
minimum. The fol lowing procedure Is performed bllaterally on a subject
prior to an attempt at pressurlization.

To Isolate and |lgate the vertebral arteries a 6cm Inclslon Is made
overlylng the medial part of the clavicle. The clavicular head of the
pectoralls major and the subclavius muscles are reflected from the bone.
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Upon reflecting the subclavian veln, the subclavian artery Is |lgated Just
lateral to the thyrocervical trunk bllaterally (Fig. 1). The Inclslon Is
then closed using elther suture or metal cllps.

Thyrocervical trunk
Inferior thyroid
Transverse cervical Vertebral

Suprascapular
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Figure 1. Position of thyrocervical trunk and
vertebral artery exiting subclavian.

Next an exposure Is made of the carotlid and vertebral system In the
neck. Two structures are palpated prior to making an Incislon the hyold
bone and sternocleldomastoid muscle. The hyold bone |les at vertebral
level C4. The common carotid artery blfurcates Into an Internal and
external carotld artery at approximately this level and therefore to flInd
this blfurcation more readlly, the bone Is used as a landmark (Fig. 2B). A
6cm Incislon Is made bilaterally at this level through the skin
parallelling the course of the sternocleldomastold muscle (Fig. 2A). Care
Is taken to avold damaging the external Jugular veln which crosses the
muscle. Once the muscle fibers are observed, an Inclsion Is made through
the muscle parallel with Its fibers and posterior to the contents of the
carotld sheath. The sheath is opened and the Internal Jugular veln and
vagus nerve reflected anteriorly. The common carotid and Its blfurcation
Into an Internal and external carotid are then isolated.

The common carotlid Is |lgated at approximately vertebral level C6.
The external carotid Is subsequently |lgated at Its origin. A small
Incision Is then made Into the common carotid above Its llgature to al low
for the insertion of a pressurization tube. The tube Is fed through the
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common Into the Internal carotid to a point 2cm below the base of the
skull. The tube Is then sutured Into place. One Important problem should
be mentioned at this time. A narrowing of an artery especially the
carotlds, often occurs at a blfurcation site. By Incising the common
carotid one can Just as easlly pressurize using this artery If a narrowlng
Is encountered when passing the tube toward the base of the skull. A total
blockage at the bl furcation will of course prevent any pressurlzation of
the brain. The above procedure Is done bllaterally.

External carotid arte

ertebral artery
Thyrocervical trunk

Figure 2. Vascular relationships
(A) in the neck. ()

Finally, the vertebral arteries are |lgated. Upon exliting the
subclavian and before entering the transverse foramina of the C6 vertebra
the vertebral arteries are exposed for a short tIme In the scalene triangle
at the base of the neck. It Is In this location that the arterles may be
Isolated and I1gated. The Inclsion made to expose the carotlds may also be
used to approach the vertebrals. The cricold cartllage Is easlly

~ palpabable In the neck. Because It Is located at C6 It serves as a
landmark In finding the entery polint of the vertebral artery Into the
transverse foramen of the vertebra. The artery Is |igated Immedlately

- before entering the foramen (Fig. 2B). Upon completion of this procedure,
the Incislon over the sternocleldomastoid Is closed elther by sutures or
metal cllips.
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It should also be noted that at least 24 hours prlor to a test the
prevertebral muscles are Injected with a 4% formalin solution. This Is
done to stiffen the muscles and thus mimic some muscle tone. Also a head
mouht with attached accelerometers Is placed on the vertex of the skul |
prior to a test. In the placement of this mount, It Is necessary to drill
through the calvaria and then secure the mount with rivets. Durling the
procedure of drilling through the skull It Is Important that the underlylng
dura and superlior surface are not punctured. Puncturing of elther of these
structures may also puncture a blood vessel and thus produce scme
hemorrhage In the cranial cavity prior to the experiment.

I1l. Examination of the Cranlal Cavity and Braln

Upon completion of a test, the calvarla Is removed and Inspected for
fractures In the outer table, diploe, or Inner table of bone. The
underlying dura Is also examined for elther lacerations caused by bone
fractures or punctures caused by the fastening of the head mount as
mentloned above. The dura Is then reflected and the surface of the braln
examlned for areas of contusions. The braln Is then careful |ly removed from
anterlor to posterior. The frontal poles are |lfted and the underlying
cranial nerves and braln stem exposed. Each cranlal nerve Is then exam!ned
and subsequently cut. As the braln Is |Ifted out of the cranlal cavity the
tentorium cerebel |l Is cut along Its outer edges to expose the remalning
brain stem, cranlal nerves, and cerebellum. The remalning cranial nerves
are cut the brain stem Incised within the foramen magnum and the entire
braln removed from the skull,

We pressurize with a solutlon termed Dlaneal. |Its tonlclty Is
slightly greater than blood. To this solution we add toludine blue a staln
used on many tlssues of the body. Thls staln sometimes al lows for a better
visualizatlon of areas of blood vessel rupture do to Its dlscoloration of
the surrounding tlssue.

When reporting our findings on damage to the brain three descriptions
are glven namely the (1) lobe Involved, (2) the gyrus, and the (3) preclse
area (according to Brodmann) that appear to have a contusion (Fig. 3A,B,C).
In the Initlal examinatlon of the braln careful conslderation Is glven to
the notion of coup/contra-coup damage. In other words a blow to the left
side of the head may cause more damage to the right side of the braln do to
the nature of the substance of the braln. The following Is an example of
how we would report our findings upon examination of a braln fol lowing a
left lateral head Impact test. '

Calman 30 was a 66 year old male subjected to a left lateral head
Impact test. Upon examination of the braln, multiple contusions were
observed In the caudal part of the frontal lobe and rostral part of the
parletal lobe on the right slide. In particular area 4 (precentral gyrus),
areas 44 and 45 (gyrus trlangularis and opercularls) and area 3,1,2
(postcentral gyrus) showed signlflcant contuslions.

On the left side, contusions were observed throughout the frontal |obe
as wel|l as an Isolated contuslon In the superlor part of the temporal |obe.
In particular areas 6, 8, 10 (superlor and mlddle frontal gyrl) area 4
(precentral gyrus) and areas 44 and 45 (gyrus trlangularis and opercularis)
of the frontal lobe showed contusions. In the temporal lobe only area 22
(superlor temporal gyrus) displayed damage.
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Figure 3. Lateral views of brain
showing the lobes (A),
gyri and sulci (B), and
areas according to
Brodmann (C).

This type of description of the damage Is glven In all of our
subjects. We can only suggest what type of permanent damage or deflcit a
llving person may display. We know the functlon of each of the areas of
the braln and therefore If they are permanently damaged we can predict what
deficits a patient may sustaln. For example damage to area 4 may produce a
contralateral spastic hemipleglia. We are currently processing some of the
brains to determine the depth of the damage. Once we know what layers of
the cerebral cortex are Involved we wil| be able to more accurately predict
the extent of permanent damage and disabllity to a |iving Indlvidual.
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